We study error control for an MPEG2 [l] digital video compression scheme. The compressed video is transmitted over an Asynchronous Transfer Mode (ATM) network. We propose to combine error control coding with error concealment. Specifically we use classical error detection to locate errors in the compressed domain, translate this information to the uncompressed domain and then use standard error concealment in the error locations. The solving of the error location problem in this way is the main contribution of this work.
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I N T R O D U C T I O N
The demand for video services has been increasing in public networks. Here video compression is used to reduce physical resource requirements. The video compression algorithms developed by the Moving Picture Expert Group (MPEG) [l] are emerging as an international video compression standard for these applications.
The demand for increased bandwidth to support new services has lead to the introduction of Broadband Integrated Services Digital Network (B-ISDN) . Asynchronous Transfer Mode (ATM), a packet switched approach based on fixed cell sizes, has been proposed as the switching and multiplexing scheme that can provide a unified structure for services in B-ISDN.
One potential problem in ATM networks, caused by the bursty nature of traffic and statistical multiplexing, is cell loss. When several sources transmit at their peak rates simultaneously, the buffer space available at some switches may be inadequate. The congestion at those switches will lead to cell losses, due to buffer overflows. In addition noise in the communication channel may cause bit errors. When Variable Length Codes (VLC) are transmitted through an imperfect channel, any bit error can lead to desynchronization of the decompresser and cause error propagation. Spatial error propagation within an image is due to synchronization failure in VLC's and lost information in differential coded data.
Errors may also be propagated in the temporal domain, because of motion compensated predictive interframe coding. Cell loss causes similar effects. Several methods have been proposed to minimize the impact of bit errors and cell losses on the reconstruction of video signals, the most popular being the use of Error Control Corrective (ECC) and Error Concealment (EC) [2] each of them applied separately. First the video sequence is compressed. The resulting bitstream is encoded in the transmitter for error protection and then transmitted. In the receiver the data passes through error correction to the decompression which may be accompanied by error concealment.
EC can be used to alleviate the corrupted/lost portion of the image from the viewer. These techniques use residual redundancy in the received video signal. The concealment is usually done on the uncompressed video, by spatial or temporal interpolation from the adjacent areas of the same frame, or the previous frame. There are several concealment schemes in the literature [3]. Detection of the position of the error within the frame is essential in order to apply any error concealment technique. One way to spatially locate errors is to record when the decompresser arrives in an illegal condition. Note that not all bit errors will result in an illegal condition, and some bit errors may eventually result in an illegal condition after a delay. Thus this spatial locator method is not accurate all the time.
In this paper, we propose to use classical error detection methods to locate errors in the compressed domain, and then translate the locations to the uncompressed or spatial domain. Standard error concealment follows.
ECC is used to recover erroneous bits and lost cells during the transmission and can be applied to any bitstream. The cost of ECC is its overhead, i.e. it increases the size of the bitstream. It can be used for error correction or Error Detection (ED), or both. When a code with minimum distance dmin (the minimum num- When the same code is used for error correction it can correct all the error patterns of (&in -l ) / 2 errors [5] .
Thus for the same code (and the same overhead) more detection can be done than correction. By coupling EC with error detection we hope to get improved performance over error correction alone.
A new scheme is proposed in Section 2. In Section 3 we present experimental results. Finally concluding remarks are given in Section 5.
THE PROPOSED SCHEME
In the proposed scheme, which is called Combined Error Detection and Error Concealment (CEDEC) , we combine ECC and ED. ED provides the location of the errors in the compressed bitstream. EC can be considered as a (soft) error correcting process. It is soft in the sense that it alleviates errors and does not perfectly correct them. By combining ECC with EC the full error detecting capability of a code is used, while good error correcting capability is maintained, using error concealment.
CEDEC is shown in Fig. 1 . After compression the bitstream is encoded for error detection, and then transmitted through a channel. In the receiver data passes to the ECC decoder and is checked for errors. The bitstream, along with the error locations in the compressed bitstream pass to the spatial locator. The spatial locator translates the error locations in the compressed bitstream to spatial locations in the uncompressed video. This information is passed to the EC. The bitstream is decompressed and is also passed to the EC.
Spatial Locator
The A one to one correspondence exists between locations in the compressed bitstream and spatial locations in the uncompressed video. If an error occurs in a high level layer than it may affect a larger spatial location. For example an error in a picture header could affect the entire picture. In this paper we restrict errors to occurring in DCT coefficients. This is in the lowest layer: the block layer. Note that the DCT coefficients make up a large part of the compressed bitstream. In Fig. 2 the percentage of DCT coefficients relative to the bit rate are shown.
To get the spatial location of errors the bitstream is partially decompressed. Specifically start codes are extracted. When an error occurs one is thus able to locate the error down to the slice layer. To locate the corrupted macroblock, decompression continues until the address increment VLC of that macroblock is extract from the bitstream.
Error Detection and Error Concealment
To design the error detection code, the size of the bitstream data block that will be encoded, must be specified. Since we would like to spatially locate errors down to macroblock resolution the desired Error Detection code block size should be close to the smallest compressed macroblock size. The Sequences "Susie" and "Table-Tennis" , each consisting from 90 frames (3sec.) were used to estimate this size. In Fig. 3 sen. Also dmin = 6 was chosen so that if a 18bit block contains t = 5 or fewer errors, those errors will be detected. The specific code was selected because it gives sufficient error detecting capability, and by taking a block size of two bytes will be able to specify the location of the corrupted macroblock in almost all cases.
Once the location of the errors in the uncompressed video are known, a standard concealment technique may be used. Here a simple method [4] based on the BMA (Boundary Matching Algorithm) is used. Concealment is performed with information from the surrounding area, in the current or previous frames. This method is fast, but does smear edges.
SIMULATION RESULTS
In our simulations we compare CEDEC against two simpler situations: 1) Unconcealed errors; 2) Error Concealment only using error serious enough to cause an illegal condition in the decompresser. We call this second scheme Decompress and Error Concealment (DEC) .
Errors in the DCT coefficients can be classified into three types. 1)Errors that the decompresser never detects; 2)Errors that eventually but not immediately cause the decompresser to enter an illegal condition; 3)Errors that immediately (i.e. in the current macroblock) cause the decompresser to enter an illegal condition. The third type of errors will be noticed both by CEDEC and DEC. DEC will miss errors of the first type and will only partially correct the problems associated with the second type.
Errors in P and I frames will propagate temporally due to motion compensation. In this work we limit errors to the DCT coefficients of B frames.
The simulation presented are for one second (30 frames) of "Susie" compressed to 4Mb/s. The channel gives an average of 4 errors per frame. Fig. 4 through Fig. 7 show frame 25, Fig. 4 being the original. Fig. 5 shows the same frame after the compression, transmission and decompression with no error concealment. There are four errors. The first is located on the forehead. Two macroblocks are corrupted (here we can see only errors in the luminance part of the frame) and there is a slight shift to the right. The next two are located in the area under the nose. The shift to the right created by those errors is more clear. The last error is located near the bottom of the frame.
In Fig. 6 shows the same frame after DEC. Since the decompresser is only partly accurate in locating errors (as explained at the beginning of this section), concealment is only partially successful. Fig. 7 the frame is shown after CEDEC.
Finally in
Knowing the true error locations has allowed better concealment.
Table l averages the PSNR over the 30 frame sequence. CEDEC has better objective performance. 
CONCLUSIONS
In this paper we proposed a new scheme, CEDEC, for compensating the impairments of MPEG2 compressed video due to bit errors. CEDEC performed better both subjectively and objectively compared to a concealment scheme based only on decompresser error messages. Future work will concentrate in the study of errors in other portions of the compressed bitstream. This includes non-DCT components and components in non-B frames. Study is also necessary to compare the above scheme against classical error correction.
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